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1.0 I ntrod uction 

The following document is a detailed specification of th:~ Future 
Domain IBM PC/AT Host Interface LSI (TMC-900) integrated circuit 
with arbitration reselection. The TMC-900 provides an eight bit 
interface between an IBM PC/XT / AT9 called the initiator9 and one 
to seven SCSI devices, called the targets. 

1.1 Features 

The Future Domain TMC-900 was designed to facilitate easy 
integra tion of an SCSI interface into an IBM PC or AT system. 
The TMC-900 is opti mized for the Intel 8088/86/286 and 80386 
family of microprocessors. In many systems, DO glue logic is 
required to achieve a full SCSI interface. Application Dotes are 
available from Future Domain detailing the use of the TMC-900 
with chip sets from Chips and Technology, Faraday, and ZyMos. 

Fea tures of the TMC-900 are; 

o No host I/O space is required, 
o No host DMA channels are required, 
o No host system memory is required, 
o Use of interrupts is optional. 
o Includes on board 128 byte parameter RAM 
o Incorporates all SCSI drivers and receivers. 
o Provides full parity generation and checking. 
o 1.5MB/second transfer rate. 
o Performs full arbitration in hardware, no firmware 

timing loops required. 
o Implemented in 2 micron CMOS for low power 
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2.0 Applicable Documents 

IBM Technical Reference Personal 'Computer AT, March 1984 
(lS02243). 

IBM Technical Reference Personal Computer XT, April 1983 
(l S02.~_37). 

3~0 Devic~ Description 
r, .. 

;, L ... __ ~,.. ._ ,_ .. I. 

~.1 The TMC-9pO is ,pa,ckagcd in a JEDEC 68 pin PLCC package. The 
package is suitable .for surface mount, or may be socketed. 

3:2 The TMC-900 pin.out is shown below. 

0-':' 0 0 0 0 ,., z, • III Z \D I' Z n. z z - :J- - :J - :J Z ::::l > ~ :J .- (!) 
co ace ceo co CD 0 al ~ 0 (J) u 0 CJ) 0 CJ) 

C 0::: 0 00::: C 0 a: 0 < 0::: al < Q:: Q: 0 ~ 
. I (!), I' I ' (j I I (!) I , (j I I (j I > I 

r C7' co I' \0&0 • ,., C'\I • co I' !oD \0 • r') (\J - \0 \0 !oD \0 \0 \0 \0 \0 

-08(2) 10 60 -SEL 
GROUND I I 59 GROUND 
-DB ( I 1 12 58 -C/D 
-OB(O) 13 57 -REO 
GROUND 14 56 -lID 

-ROM 15 55 RESET ORV 

SAO 16 54 -SELECT 

SAl 17 
SCSI ADAPTER 

53 007 

SA2 18 
HOST 52 006 

SA3 19 
CHIP 

51 005 
SA4 20 50 004 
SA5 21 49 003 
SA6 22 48 002 
SA9 23 '47 001 

SAIO 24 46 000 
vee 25 45 OwS 

SAIl 26 44 GROUND 

I' co 0' 0 (\J M • lO \0 " co C7' 0 ('\/ ,." 

N C\J C\J M M r') M M M M M n M . ~ ~ ~ 
N M • L(') '" " co 0' a: ~ z 0 > u a ~ 

~ ~ w ~ ~ 0 CJ) Q: -l 
< < < < < < < < w w < (/) CJ) 0::: 0 ~ u 
CJ) CJ) CJ) CJ) CJ) CJ) CJ) CJ) ~ ~ 

(J) CJ) :I: 
I I U 

0 

" ~ 
I 
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3.3 Pinout Description 

Symbol Pins Type 

:~~B(Pl'. 1- I/O 
~-~D8 (7) " -~~ ,: ~DB (0 S:~ c] r;,(4~,6~ 7 , ~ -!:/c1 
.. ;:.- _. ". 10,12~13 

~r...ROM;' :1Sf"I'" 0 
SAO~ SA19 16-24,26-34 I 

'''''SMEMR'' 35 I 
_. -SMEMW 36,., I 
"AEN .~7 ~:'t ~ 
~!3Wo -38 r· 
,SWl 139: "7" 
. I/OCH 'Rot: 40~ 0: 
;OSC 41'! 

"IRQ 42 C)-
CLK 43 ~' 

OWS 45' 0 
~DOO-007 46~53 I/O 
-SELECT 54 0 
RESET ORV ~55' I 
-I/O 56 I 
-REQ 571 
-C/O 58 I 
-SEL 60 'I/O 
-MSG 61 . ~ I::" 
-RST 630 
-ACK '65: 0 
-BSY '66 I/O 
-ATN 68 0 
Vcc 
GND 

NOTES: 

25,62 
2,5,8,11,14,59,64,67 

--,.,.J'·O··· -,-....,' 

DeScr~?::ion 

.SCSl Parity- Bit, 48MA drive 
SCSI Data" 'Bits, 48MA drive 

, 1 ~.-, '. .. ~ . , 

External BIOS ROM Select 
Address bits 
Memory Read Strobe 
Memo+y Write Strobe 
'Addre'ss: :Enable 
Base Address'Select 
'Base Address~~Select 
I/0:CHanne1 Ready 
70ns' c16ck 
tnterrupt:Request 
Bus Clock 
Zero wait state 
Data BUS, 4MA drive 
Chip selected 
System Bus Reset 
SCSI Data Direction 
SCSI Transfer Request 
SCSI Control/Data 
SCSI Select 
SCSI Message 
SCSI Reset 
SCSI Transfer Acknowledge 
SCSI Busy 
SCSI Attention 
+5V 
Ground 

1. SCSI data and control bits may be connected directly to the 
SCSI bus (50 pin header). No buffering is required on these 
signals. 

2. Signals with the same name as PC/AT bus require identical 
characteristics. 

3. AEN line may be tied LOW. 

4. OWS line is pulled low by TMC-900 when processor speedup is 
requested. This line should be an input to processor wait state 
logic. It may be used to eliminate pre-programmed memory wait 
states. 

5. I/O CH ROY is pulled when wait states are required during a 
memory cycle. 
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4.0 Functional Description 

4.1 SCSI Interface· '-- - '. 

Copynght 1987 

The' TMC"900·eOmmunicates to;the- SCSI- ,data bus utilizing the Small 
Computer System Interface (SCSI) protocol 9 including Arbitration 
and Reselection. (See sections 2.0 and 5.0. for the interface 
description and 'for pin assignments.) The TMC-900optionall y 
generates and checks parity on the SCSI data bus. 

4.2 Host Interface 

The TMC-900 utilizes 8 bit memory mapped I/O to communicate with 
the host. See the 1502243 Technical Reference Personal Computer 
AT for I/O Channel pin assignments and signal descriptions. 

4.3 TMC-900 Memory _. 

The TMC-900 contains a 6K x 8 address space for an EPRO~ and a 
512 x 8 address. space (or static RAM (128 bytes actually 
available). Either a 2764 or a 27128 EPROM can be used. The 
host writes and reads the static RAM and reads the EPROM via the 
memory mapping specified in section 4.5. 

4.4 TMC-900 Memory Address Recognition 

Two pins, SWO and SWI, are provided to select the four possible 
starting addresses for the TMC-900: 

swo SWI Starting Address 
----------------

1 1 CAOOO 
0 = PIN OPEN 0 1 caooo 
1 = PIN GROUNDED 1 0 CEOOO 

0 0 DEOaa 

SWO and SWI have internal pullup resistors. the pins may be left 
open if desired (address-CAODO). 
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4.5 Memory Mapped Functions 

T),c·'TMC-900 performs the following functions: Write RA~ Write 
Control Register, Write SCSI, Read ROM, Read RAM. Read Status, 
aD-<f~~ad SCS~. 

Memory Write Address Ranges 
$\ t--- S'/L- /k.. 

SWO SWI Write RAM Write Control Reg write SCSI 
--------- ----------------- ----------

1 1 CB800 - CB9FF CBAOO - CBBFF CBCOO - CBFFF 
0 1 C9800 - C99FF C9AOO - C9BFF C9COO - C9FFF 
1 0 CF800 - CF9FF CFAOO - CFBFF CFCOO - CFFFF 
0 0 DF800 - DF9FF DFAOO - DFBFF DFCOO - DFFFF 

.. ,-

Memory Read Address Rat)ges 
&~ 51~ :5" \ '2-. tK.. 

EPl EP2 Read ROM Read RAM Read Status Read SCSI 
----------- ----------- ----------- -----------

1 1 CAOOO-CB7FF CB800-CB9FF CBAOO-CBBFF CBCOO-CBFFF 
0-· 1 C8000-C97FF C9800-C99FF C9AOO-C9BFF C9COO-C9FFF 
1 0 CEOOO-CF7FF CF800-CF9FF CFAOO-CFBFF CFCOO-CFFFF 
0 0 DEOOO-DF7FF DF800-DF9FF DFAOO-DFBFF DFCOO-DFFFF 

4.5.1 Write RAM 

The 128 x 8 RAM is written with data from the host at the 
specified address. 

4.5.2 Write Control Register 

The eight bit Control Register receives command information for 
the SCSI and for the TMC-900 from the host. This register can 
not be read by the host. 

Control 
Register 
Bit. Description 

·0 SCSI Reset 
I SCSI Select 
2 SCSI Busy 
3 SCSI Attention 
4 Start Arbitration 
S Enable SCSI parity generation 
6 En~ble Interrupt on select 
7 E"nable scsr 'bus drivers co. 
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Bit 0 - SCSI Reset. The SCSI reset line is driven directly off 
of this signal. Caution must be used when setting this bit, 
e s pe cia II )'c ina s y s t emu sin gar bit rat ion as t his res e t s a II 
target devices. 

BIt.1 . - . SCSI' Select.'.: ;. Tile SCS1, jSelect line jsdriyen~ directly. off 
of ; this c"control bit;'f: -It -is-. the: firmware's responsibility:to .. 
assure that bus arbitration.is complete. before using" thts' sfgnat' "". ':: \' 

Bit 2 - SCSI Busy. The SCSI Busy line is driven directly off of 
this: control, ;·bjt~··, lf the TMC-900's arbitration logic sequencer 
is used, this bit is not needed for the initial bus arbitration 
phase:: It is Deeded; for reseJection:·,~,' 

Bff '3- - SCSI '-AU,atioPiThe :_SCSI"'AtteDtioD~"line is driven 
directly off of this contro'l bit. It is the responsibility of 
the firmware to recognize the message out phase set up by the 
target and to output the 'appropriate message byte. 

Bit 4 - r Sfa,t arbltratloD, The arbitr_atioD ;sequencer operation 
is.started. '.' See.. Section:' 4.7- for' further (discussion of!: the' 
arbitration sequencer. 

Bit -0 5"'; Enable--'SCS], Pari1y'~·, The operation of the parity 
generator on transmitted data is enabled. Without this bit, no 
parity is ~enerated· on. tbe SCSl-cparity linc., T,his bit does not 
impact the detection of parity and the setting of the parity 
error bit in the input status. 

Bit 6 - Enable IDterrupt. An interrupt is generated when the 
select line on the SCSI bus is as'serted and this control bit is 
set. This allows for response to reselection '-requests and 
arbitration complete. 

Bit 7 - Enable SCSI bus. The initiator in an arbitrated system 
can only drive the data bus when it is the selected device, or 
during arbitration in the bus free state. The drivers to the SCSI 
data bus are enabled based on several conditions. They are the 
SCSI I/O control line is deasserted .. and either this control bit 
is set or the TMC-900 is arbitrating for the bus. 

".5.3 Writ, SCSI 

Eight bits of data from the host are sent to the SCSI data bus. 
An SCSI Acknowledge is generated by the TMC-900 at the end of the 
Write SCSI operation if the SCSI Request is asserted. 

".5.4 Read ROM 

A data byte from the addressed location in the EPROM is returned 
to the host . 
• pa 
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~.5.S Read RAM 

-A data byte from the addressed location in the Static RAM is 
returned tOJbe bost. 

~.5.6 Status Re&lster 

The eight bit Status Register returns status information to the 
IBM PC as follows: 

Status Re'~ 
Bit Description 
--_. __ .---.- '~. ! ~ ~~ 

o SCSI~Busy~ 

I SCSl·Message~ 

2 SCSI~IIO 

3 SCSI Command/Data 
4 SCSI Request 
5 SCSI Select,. 
6 SCSI Parity Error 

':7- Arbi1tation Compicte 

Bits O-S. SCSI St.tUI. This'is a direct- reading from the status. 
lines on the SCSI~bus. 

Bit 6 - SCSI Parity Error. - The. bus parity is .checked duting each 
read operation. If an error is present 9 this status bit is set 
and remains set until the next write to the control register. 

Bit 7 - Arbitration complete. The arbitra tion sequencer has 
arbitrated. for the SCSI bus and won. This status is cleared when 
the Start Arbitration control bit is set to O. See section 4.7 
for a further description of the arbitration sequencer . 

. 4.5.7 Read SCSI 

A byte of data from the SCSI data bus is returned to the host. A 
SCSI Acknowledge is returned at the end of the Read SCSI 
operation if the SCSI request is asserted. 

4.6 Interrupt Operation 

4.6.1 The interrupt is for the purpose of reselection or 
arbitration complete. When the interrupt 'control bit is set and 
the SCSI Select is asserted, the interrupt line is asserted. 

4.6.2 The IRQ output of the TMC-900 should be connected to an 
interrupt input of the 8251 interrupt controller. Jumpers can be 
provided externally to provide selection of alternate interrupt 
lines. 
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4.6.3 The interrupt from the TMC-900 is turned off by 
dcasscrti~th~iaurrupt enable bit in. the' control register. 

4.7' Arbitration Sequencer 

4.' .. J..:..-T.be-.~ .• rbj.trationprocess· is started by asserting the. Start 
Arbitration bIt in the control register~ When the . arbitration 
process is complete, the arbitration complete bit is set in the 
status register. 

4.7.2 When the start arbitration bit is set in the control 
register, the arbitration sequencer waits for the bus free phase. 
When the bus free phase occurs, the SCSI ou tput register is 
driven onto the bus and the SCSI Busy control line asserted. 

4.7.3 There is a delay of' 2.4 usec. If during this 2.4 usec 
delay, the Select line is asserted or another bit is asserted on 
tbe: . bu~ o('':i· 'lijgher"~priorIty;;' (o-,·- with' 7 as highest priority), 
the arbitration sequencer returns to waiting for a bus free 
pbase. . 

4.7.4' A t the conclusion of the 2.4 usec, the SCSI Select con trol 
line i~ asserted and the arbitration complete status is asserted. 

4.7.5 The arbitration sequencer is used as follows: 

Output the TMC-900 address bit to the SCSI wri te port. 

Set the Start Arbitration control bit. 

Wait for the Arbitration Complete status bit, or wait for the 
int~rr.upt.en SCSI Select. 

·OR" the desired target ID bit into the SCSI data output 
register. 

Assert the SCSI Select control line while deasserting the 
Start Arbitration control bit. The driving of the SCSI Busy 
bit. stops when the Start Ai-bitra tion control bit is 

-''deasserted.'· . 

Poll waiting for the target device to assert SCSI Busy. 
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4 .. & Send-sMessage 

4.8.1· ~- This is handled by firmware. After the target has been 
scJcccedaDd- is busy, assert the SCSI Attention line via the 
cODtrol register. 

4.8.2 When the SCSI Status lines indicate that the message can 
be sent to tbeselected target, deassert the SCSI Attention line 
and write the message to the SCSI data port. The handshake 
acknowledge is handled the same as for data transfers. 

4.9 Reselection 

4.9.1 Determine that the SCSI Select line is asserted by either 
poJling the SCSI status register or via interrupt. Read the data 
bus to see if the TMC-900 is being selected. If it is not, 
continue to poll.:"'the .. ·SCSI data bus until the Select line is 
deasserted. If reselectiGD is ex pected, con ti n ue to poll or wai t 
for an interrupt until the correct address is detected. 

4.9.2 When the correct address bit is detected, assert the SCSI 
Busy and wait for the deassertion of SCSI Select. 

4.9.3 Deassert SCSI Busy when SCSI Select is deasserted. Read 
SCSI status bits to determine what operation is to follow. 
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, . ... . ... 
5:0 ProgrammIng' 

The TMC~900 -is a~ailable:- in'- a u{rn·~.keyconfiJu'iaYion. Software' 
is ~ 'available for the PC/MS':OOS' 2 operating' 'syl$tem~': the" 'Xerlix 
o'pe"r'ating system~: arid Novell: Ad:Vanced Net·ware. UtilitY"programs 
are' 'available for formatting and defect handling. Disk, tape and 
optical disk software packages are .al.so ~ ~ail~ ble. 

}'{ fyoU: 'use' the; fexisti'Jig "so(~ar~ 'pac'k2ges,' you: "'need- :noi :program 
the, TMC-900 directly. ' Fut.ul.eDomain fully~suppoits and licenses 
these software packages "'to'- 'you.=-' .l·As'~a :7system -deSigner, you can be 
r.~l:dy to 10 "from the time your first pr~to!ype is available. 

~ . ., 10. ' • '~.,. .. • ~ _. ~ .... • ~ 

1(' you ha~e ,'special requirements: ,Dot addressed by Future Domain 
software. you have th'ree>' options. " A ROM BIOS lever interface ' is 
available that performs basic' I/O operations' in an IBM 'PC/AT 
cO'mpatible mode. The ROM BIOS has several extensions to make 
programming of SCSI peripherals easier. A set of OEM object 
mod ules are a vilila ble. These modules (the OEM SCSI interface) 
provide a higher level ititerface~:to·the··TMC-900; Finally, you 
can do direct I/O to the TMC-900 LSI. -, , 

6.0 ROM BIOS Interface 

The ROM BIOS is modeled after th~ IBM PC/XT I A T ROM BIOS and 
utilizes the standard Interrupt 13 mass storage vector. As a 
subset, it contains 'enough capa bility to allow booting from 
devices that can be made IBM media compatible. 

In addition 
a vaila ble to 
purposes of 
addressing etc. 

to the basic set of commands, extensions are 
provide direct control of SCSI devices for the 

control, identification, formatting, extended 

The ROM BIOS also maintains information in a private RAM table 
that may be useful to the writer of device drivers or utilities. 
This information is also made available through extensions to the 
INT 13 BIOS call. 
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6.1 ROM BIOS Command Reference 

6.1.1.- SUMMARY LIST OF BIOS .COMMANDS - Currently supported by 
Future Domain TMC-900 

Code ~unction 

00 J.nitializc-theSysteQl 
.0.1 Request Se~s.e 
02 Disk Read 
03 Disk Write 
:04 -DislcVerify 
OS Mode Select 
06 . Format Unit with: passed list :-
07 Format Uni~ no list: 
08 Return Parameters 
-Q9 . Not Used 
·OA Not Used ~ 
OB " Not Used 
OC Disk Seek 
00 Not Used 
.OE Not used 
OF Not used 
10 Request Sense 

, II Recalibrate. 
12 Drive stop 
13 Request Sense 
14 Adapter Diagnostic 
1 S Return DASD 
16 Not Used 
17 Not Used 
18 Identify ROM 
19 Read Drive Capacity 
1 A Read Cylinder Capacity 
I B Loca te Table 
IC Locate Drive Letter Table 
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6.1.l REGISTER USAGE - INPUT TO INT 13 CALL 

The (ollowin-s· arC: the Ie nera I 
assignments apply to all calls. 
depcndent on thc-;speciCic. function. 

register assignments. Some 
and other assignments are 

All calls have the following assigned: 

AH - Function Number (ie 2-Disk Read) 
DL - Drive number (ic SOh for first drive) 

The seneral assignment for other registers is asrollows~ 

ES:BX - Pointer to caller buffer 
AL - Number of sectors 
eH -~Cy.Jindcr number, lower 8 bits 
CL;; .~. Bits:~7t6 - high 2 bitSrof cyliDde~r·~number _ . 

. ~ Bits 0-5 ~ Sector number 
DH - Head number . 
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6.1.3 ERROR.CQDE RETURN 

The returned error codes are those used by the Int 13h 
cODventions~" The ·recommended mapping to DOS error codes is also 
given. ." . 

Code '~~rror DOS Code DOS Error 

03h Write Protect 00 Write Protect 
20h Bad Con troller 01 Unknown Unit 
FFh Sense Fail 02 Not Ready 
80h Timeout 02 Not Ready 
Olh Bad Command 03 Unknown Command 
10h Bad ECC 04 CRC Error 
BBh Undefined Error OS Bad Drive Request 
40h Bad Seek 06 Seek Error 
04h Record Not Found 08 Sector not Found 

··UBh Bacf...:J,ack OA Write Fault 
02h ; Bad· Address Mark OB Read Fault 
07h Drive Parameter Failure OC General Failure 
lib Da ta corrected No error 
06b Media changed OF Media changed 

The error codes returned from the SCSI disks are not consistent. 
As a result,· ~the error codes can not accu ra tely reflect all 
drives. If more detailed information is required for a specific 
operation, use the Int 13h code IBh to locate the Sense Bytes for 
further analysis. 

If there is an error on an y request, one of the a bove codes is 
returned in AH/ AL and the carry flag is set. If there is no 
error .. AH=AL==O·and the carry flag is cleared. 
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6,,2 Description of ROM BIOS Codes 

Code 00-,,, lnitiaUze .the Syslem 

Input registers-," 'DOIlC. 

Operation: 

The SCSI Reset line is asserted and deasserted rollowed by a delay 
of .. about,·} second.,-,: Arter; "tbe·:delaY9~' eac.h,!'drive attached to the 
adapter is issued a Recalibrate command, and if an error is 
returned.the~ status is rc~d"via a Request Sense command. This 
~lears oul - any- crror-"status that may have been caused by the 
reset. 

The status, from the requcst;·-sense command is not returned to the 
caller as this- is- done for every disk connected to the adapter. 

Code 01 - Request Sense 

Input registers - none. 

Special output registers - none. 

Operation: 

A SCSI Request Sense is issued to the specified Disk. The results 
of the command are converted to the BIOS Error Code and returned 
in AH/AL. 
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Code 02 - Disk Read 

,IQPu'.fcaisters -i;as de(incd~ \loder general assignment. 

Special output registers - none. 

Operation: 

~Two iatcrnaltparameters arc!,used tD, CODv,crt~ the caller's head, 
sector,~ anel .c-ylinder number to a SCSI· logical block number. These 
parameter-s are the heads pet· cylindt~r and sectors per track 
numbers... .Tbe ... lOutce of these numbers' is' ·-disCussed-under Codes 08 
'and 19;., 

If the SCSI· bus is not in an idle ;(:ondition at the start of the 
command execution., an Initialize System (Code 00) is execu ted 
-prior to- thc:~e.ecution of this command to zc:learup :the condition. 

A SCSI Read command. (08) is' issued to tbe specified disk. The 
BIOS th,en waits· for SCSI Request to rbe~ ·asserted. When it is 
asserted, a check is made to' verify' that SCSI C/D is not asserted. 
If C/D is asserted, operation proceeds directly to the 
Status/Message phase. 

Dataistraosferred: in blocks of:.:,SI2 bytes. ·_.After the- request is 
detected, a' block of 512 bytes is transferred to the caller's 
.buCfer., _ If the transfer is complete, the operation proceeds to 
the Status/Message phase, else it again waits for the SCSI Request 
line to. be asserted. 

; ,f there. is an error reported. in . the Status/Message phase of the 
operation, the SCSI Request Sense Command is issued and the 
results returned as an error in AH/ AL. 

Code 03 - Disk Write 

Identical to the Disk Read, Code 02. 
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Code 04 -. Disk-verify-

_IDput~-rea.$t,'.r'''':4~ As defined under general assignment except for the 
ES:BX. There is no buffer associated with this command. 

Special output registers - none. 

Operation: 

This command is executed in the same manner as the Disk Read with 
the exception that the data read from disk is Dot stored anywhere. 
The purpose of this command is to verify that there are no read 
errors detected. 

If there is an -error reported, the SCSI Request Sense command is 
iss~ed and the results of the Sense Command returned in AH/ AL. 

Code OS- Mode.Select-

Input registers - ES:BX points to a buffer contaInIng the bytes that 
arc- to be output during the data phase of the mode select command. 
Byte 0 contains the length the buffer of bytes to be output. Bytes 
I-n are the data bytes. 

Special output registers· none. 

Operation: 

The purpose of this command _ 'is to send the required parameters to 
; the' device-:· in > preparatioD,;-~for -the issuing of -the unit - Jormat '-­
command. The SCSI Mode Select (J Sh) command is issued to the 
specified device. The length of the data phase is taken from byte 
o of the caller's buffer. During the data phase of the command 9 

successive bytes are taken from the caller's buffer and sent to 
the device. 

A check is made for SCSI Request asserted, and SCSI C/D deasserted 
between each byte. If C/D is asserted or the buffer is exhausted, 
the operation proceeds to the Status/Message phase. 

If an error is detected during the Status/Message phase, a SCSI 
Request Sense is issued and the results returned in AH/ AL. 
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C~~e 00 - F~rmat Unit with passed list 

Inputrclistcrs ~ ES:~X points to. a buffer contaInIng the bytes of 
data that are to be output during the data phase of the command. Byte 
O~().ntains ·tbe MSB.- and,- byte I the LSB of the length of the number of 
bytes to be output during the data phase. Bytes 2-n contain the data 
that is to be output. If the length is 0, no bytes are output. 

DH contains flags that are part of the format command. The specific 
definition of the flags to the device are device dependent. This byte 
is or'd with byte 1 of the command before it is output to the device. 

AL contains the interleave factor. This is output as byte 4 of the 
command . 

. Special output registers· none. 

Operation: 

This command is normally used to send defect lists to the drive 
for formatting. By changing the flags and the contents of the 
buffer, this could be a format cylinder command, format unit 
command, format with manufacture's defect list, format with passed 
list, format with spares, etc. The specific operation is dependent 
on what the specific device manufacture has implemented. 

The SCSI Format Unit (04) command is issued to the device. The 
contents of the caller's DH register are or'd with the LUN to form 
byte 1 on the command. The caller's AL register is sent as byte 4 
for the interleave. .' 

_. < '<.. 

The length of the data, phase is takenf.rom bytes 0 and· I of the 
caller's buffer. Note that the· MSB is in byte 0 and the LSB in 
byte I, the same as for values sent over the SCSI bus. During the 
da ta phase of the command, successive bytes are taken from the 
caller's buffer and sent to the device. 

A check is made for SCSI Request asserted, and SCSI C/O deasserted 
between each byte. If C/D is asserted or the buffer is exhausted, 
the operation proceeds to the Status/Message phase. There is no 
timeout for this command. Many devices pickup the data bytes such 
as for defect management as they are needed during the formatting 
operation. As a result, there is no predetermined timeout 
interval. If the device hangs, the system must be restarted. 

If an error is detected during the Status/Message phase, a SCSI 
Request Sense is issued and the results returned in AH/ AL. 
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Code 07 - Format Unit, no list 

lripilli' registers ~ - ALcontains ':' ,tbe interleaye ~b~ch' is output as by-te 4 
or the command. 

Special output registers - none. 

O~ira tion: . 

The SCSf.~,F~rmat ~ ~nit ~.(q~~ -colI!~~Dd';:i,~~':jssued to '~beaevice.'; ~ By'te 1 
contains only the' LUN wIth .. DO' special Mags ~·et. _H, ,Byte '4 is the 
interleave. 'After 'th{':cOmttla'nd' is isSiied, th~ BIOS ~ waits for' the 
completion of the operation looking for the Status/Message pbase 
o( th~ operation~ 0' •• ,There . i~ no." predetermined, length, of., Jiqle to 
use, for a timeout, 'so' if th~: devi~e~'DaDg$,·')h.r· only"- method' of 
recovery is to reboot: the system: ' " .' ... ' 

Coder 08' - Return Par-ameters 

InDut_registers~ none: 

Special output registers -

DH- Number of heads-I 
DL - Number of drives in HF NUM 
CH - LSB 8 bits of number of cylinders-I. 
CL - Number of sectors per track + 2 MSB of cylinders - 1. 

Operation: 

This function returns the parameters tha t are used to convert 
the caller's disk address specification into a logical sector 
Dumber to be issued to the SCSI device. The ROM BIOS 
calculates the logical address by: 

SECTOR- Logical sector Dumber 
HEADS - Number of heads reported for device 
SECTS - Sectors per track reported for device 
cyl - Caner specified cylinder number 
head - Caller specifjed head number 
sect - Caner specified sector number 

Note that these values Deed have no relationship to the actual 
values OD the physical drive (or cyliaders. heads,. and sectors per 
track. These are only ·funny· numbers used for the lnt 13h call. 
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Before the caller makes an Int 13h call to read, write, or verify 
a logical sector, the reverse of the above algorithm needs to be 
performed OD the', desired logical sector Dumber for the setting up 
~orthe relisters.~~ 

This may·'.ppear· to'· be a' strange :way to·do· things, but-· it is' the-
. 8JBM Sta:ndardw

• ' 

Code OC· Disk Seek 

Input registers .. As deCined under general usage with the exception 
that there is no use of. the buffer ,pointer:ES:BX. 

Special output registers - none. 

Operation: 

The caller's parameters are converted to a logical sector address 
in the' same manner as is done~ in ·the· Disk Read. command. A SCSI 
Seek command is issued.- There is probably no ~:need : for this .. 
command as all SCSI read and writes have implied seeks. 

Code 10 .. Request Sense 

This is the same- as' Code 01. 

Code 11 - Recalibrate 

Input registers - none. 

Special output registers - none. 

Operation: 

A SCSI Recalibrate (0 I) command is issued to the specified disk. 
The resultant status of the command is returned in AH/ AL. 

Code 11 .. Drive Stop 

Input registers - none. 

Special output registers· none. 

Operation: 

A SCSI stop (l Bh) command is issued to the specified disk. Some 
manufactures use this command to park the heads in preparation for 
moving. 
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Code 13 - Request Sense 

This "is the same as code o.t~ : 

Code I.e - Adapter Diagnostic 

Input registers - none. 

Special ~utput registers - Done. 

Operation: 

A complete wrap around test is run on the SCSI data path. 256 
data patterns are placed on the SCSI data bus and read back for 
eom'Pa-rison~ ~Jf- there is- any difference, an error is returned in 
AH/AL. 
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Cod.'IS-- RetlJrnDASD ' 

Input,registers .. Done. 

Special output registers -

AX';' 30Gh to mean that this is a hard disk. 

CX:DX - Capacity of the addressed disk. If this is 
execution of the SCSI Read Capacity command failed. 
usually means that the disk need to be formatted. 

Code 18 .. Identify ROM 

. Input registers - none. 

Special output registers -

zero, the 
This 

AX- 4321h. 'This code identifies this as a Future Domain ROM 
BIOS. 

BH .. Number of Disks being supported by this ROM BIOS. 

BL - Index number for this disk. 

CH .. ROM Firmware version number. 

CL .. Drive type code. 

Operation: 

The purpose of this command is to locate and identify the codes 
that are required for use of the SCSI disks. The Int 13 calls for 
the SCSI drives are addressed to the hard drives, ie disk 0 is 
80h, disk 1 is 81h, ... Note that this addressing includes 
internal IBM disks as well as the SCSI disks. This command 
identifies what the base address is for SCSI disks. 

Assume that there is one internal hard disk and four SCSI disks. 
Addressing this command to hard disk address 82h would result in 

, 8H-4 and BL-1. That means that there' are 4 SCSI disks and that 
this is the second disk, ie they are numbered 0, I, . The base 
address for the SCSI disks is therefore 82h-I-8Ih. Or, SCSI disk 
o is address 81 h, SCSI disk 1 is address 82h, ... 

If this command is issued to an IBM disk, it will return an error 
code. 
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Code 19 - Read Drive Capacity 

IDp'Ut- registers - DO~.-: 

Special output registers - Same as for Code l S. 

Operation: 

:~ A SCSI -Re~cl Capacity (2S) Command is issued to the specified disk. 
All of the command bytes are set to zero. The following 

- parameters are then 'updated in the internal table for the disk . 
. See Code IBh for a complete explanation of the internal table. 

Total Capacity - This is a. double word parameter. 
• '"- I '.' - ~ - • - -../. - -

The. Dumber of -hcad~ sectors pel-track, and .cylinders are 
calculated as follows. The Dumber of sectors per -track is fixed 
at 17 because there are some RAM BIOS systems which make that 
as a fixed assumption aDd will Dot work with a number different 
than this. The Dumber of cylinders can Dot exceed 1024 as the field 
is Dot any larger. Therefore, the total capacity is divided by 1024 
and the result divided by 17. The result is incremented by one 
and becomes the number of heads. The new heads value is 
multiplied by 17 and divided into the total capacity again with 
the result becoming the total number of cylinders to use. Note 
that these numbers will probably not match the' physical 
characteristics of the disk, but it doesn't matter. 

Code 1 A - Read Cylinder Capacity 

Input registers - none. 

Special output registers - CX:DX is the address of the last logical 
block of the specified cylinder. 

Operation: 

The SCSI Read Capacity (2Sh) Command is issued to the specified 
disk with the PMI bit set in byte 8 bit 0 of the command sequence. 
Note that Dot all disks support this operation. It is sometimes 
used for incremental formatting of the disk by cylinder and 
marking defects by cylinder as on the Adaptec controllers. 
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Code IB - Locate Table 

Input" registers - none. 

Special output registers - ES:BX points to the internal table main­
tained for the specified disk. 

The returned pointer is to a table organized as follows: 

Type 

Char 

Int" 

Char 

Char 

Char 

Function 

Bit I is set to cause checking of SCSI bus parity. 

Total number of cylinders calculated in Read Capacity. 

Total number of heads calculated in Read Capacity. 

Sectors per track. 

SCSI selection codes. 'These are de-termined-during the 
ROM boot process. Bits 5-3 are the SCSI address of the 
disk. There is no LUN support as drives with embedded 
SCSI controllers-only have -a single- LUN. ,-, )" 

Char Ready -flag - used- internally in the ROM This must be non 
zero for the disk to be used. 

Char[4] The four bytes from the last SCSI Request Sense command 
that occurred as a result of an error are saved. This 
information can be used to assist in further defining any 
errors that occur or for diagnostic printouts. 

Char[IO) The command bytes sent that caused the SCSI Request Sense 
" to be issued. This is helpful for diagnostic help. 

Long Total disk capacity in sectors as returned by the SCSI 
Read Capacity command. Note that the Read Capacity 
command actually returns the address of the last sector. 
This is that number +1. 

Char[24) Name of the disk manufacture as returned by the SCSI 
Inquiry command. 
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Code IC - Locate Drive Letter Table. 

Input registc"rs - none. 

Special ~otitput:: registers'"'~' ES:BX pOInts' to a table of drive letters 
assigned by the loadable driver. 

Operation: 

This Jable is filled with the assigned DOS disk drive letters" when 
the Future Domain Loadable driver is executed. The table is then 
used to specify the drive letter for utilities. It is not necessary 
to use this feature to make the ROM BIOS operational. 
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7.0 OEM Interface 

These routines allow the user to build their own set of 
speci'aJized~'~ utiHtyor driver programs and communicate directly, 
wifh\"the:ir' 'devlC'e!-: ... itltout having to worry about the low level 
hardware interface commands, SCSI bus phase issues, and hardware 
teammates. The routines can be executed from either ·C" language 
or assemble language programs. 

There are two routines available. They are as follows: 

oemreset 0; 
oemscsi (tloemtable); 

The Cirst routine. oemresetO. is used to assert and deassert the 
hard SCSI Reset line OD the SCSI bus. This function should only 
be uscd"-in a:coDdition where there is a timeout on the SCSI bus 
as indicated in the returned status from a call. Using this 
routine can cause initial error returned status from your device 
- Consult your device manual for further information on clearing 
out this status. This operation also requires a recovery period 
on the part of all devices on the SCSI bus. 

The second routine. oemscsi(&oemtable), is the routine used to 
send commands to devices over the SCSI bus. It then handles the 
data phase, the status phase, and the message phase of the 
request. This interface does not support the arbitration 
reselection features of the host adapters. 

The key to the - operation -oL the. oemscsi routine, is the structured 
data table which is formatted as follows: 

struct oelltable 
{ 

unsigned char (far ·clldblock)(]; 
unsigned char (far ·datablock)(); 
long expectlen: 
l 0 n g act u a l te n. : 
int tilleout; 
tnt blltfactora; 
tnt blltf.c~orb; 

unligned char Icsiltatus; 
unligned char ,e,llI.g; 
unsigned char ,clibits; 
unsigned char ,csiaddress; 
unsigned char ,e,iparity; 
int .daptererr; 
) ; 

801-000-S0709-00 TMC-900 Design Manual Page 25 



Future Domain CorporatIOn Cop y n g iiI J YO / 

This is an explanation of the parameters that are in the 
structure. It is assumed that any routines written in "C" are 
compiled with the /Zp option to specify packed arrays. 

unsfgned char (far -cmdblock)[] 
Far pointer to. a _character array .that conta,ins the bytes that are 
to be'- sent to the"device during . the command pthase of the SCSI bus 
operations.; ," Data' is' sent Crom. this array, one byte at a time, 
until tbe SCSI bus phase changes Crom command phase to another 
phase. 

unsigned char (Car -data block)(] . , 
Far pointer to a charac;te( array'_where dataCrom the SCSI bus .. data 
phase is either- to'l>~ written. into'!oor, read from.' The 'direction of 
the operation is determined by cliecking the direction specified by 
the SCSI I/O status line during the data phase. 

long expectlen 
The expected length of the data phase in number oC bytes 
transferred is specified. This is a type "long" variable. This 
may either be the actual expected length oC the transfer, or the 
size of the buffer into or Crom which the transfer is to take 
place. This number should not exceed the length of the actual 
buffer. If the data phase is longer than the specified buffer 
size, the extra data is read on an input, or the data. phase is 
filled with unknown data on an output. 

long actuallen 
The actual length of the transfer in number of bytes transferred 
is returned to the caller her·~. This is a type "long" variable. 
If this exceeds the value of expectlen, the data in excess of 
expectlen has been discarded and is not valid or predictable. If 
this number is less than expectlen, then only actuallen bytes of 
data are valid. 

int timeout 
There is an expected length of time that a specific operation 
should take on the SCSI bus. If for some reason the operation 
exceeds this length of time, there is a problem and some type of 
error correction needs to take place. This is the timeout 
interval in seconds to wait for an operation to complete: The 
maximum interval that can be used is 1800 seconds. 

There are two time-outs that are built into the scsioem 
routine. They are the timeout waiting for the device to 
respond to the assertion of the SCSI Select line with a SCSI 
Busy, and the timeout waiting for the SCSI bus free phase. 
These time-outs are both 3 seconds. 
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int blkfactora 
int blkfactorb 

Copyright 1987 

The - TMC adaptefs usc ,a high speed transfer . technique that depends 
on a block of data· beiDg -transferred ,in rapid: succession with no 
:more -than a 20 usee. dela.y between bytes', of,~, data. ,At the end of 
the block, the software will' pause for a~maximum .of timeout; 
seconds watting . ,for': thc',de¥icc-.to:alain .• assert.: the' SCSI Request 
line indicating thtt-thereis more data available. 

Two values are. provided for the blocking factor. In most cases, 
both values will be the same. The routine first transfers a block 
of . blkfactora bytes in length and then transfers a block of 
blkfactorb-bytesin length. For example, in doing a read from a 
disk system with S12 byte sectors, both values would be set to 
S12. 

Some-devices' may have •• chal'acteristic, where the block size may be 
for example 4096, but only the first·4095 bytes can be transferred 

,in a burst mode, and the -last -byte needs ,to' be" transferred • 
separately. In this example, blkfactora would 'be 4095,'and' 
blkfactorb would be 1. , 

In commands where the transfer of the information cannot be 
. r guaranteed to be blocked, for example in the reading. of ~Request 

Sense status bytes, then these two values should' be set to' I. 
This assures that .the system will wait for' any hardware delays. 

unsigned char scsistatus 
The SCSI status byte returned ',from the device at the conclusion of 
the transfer is returned here. The format of :this byte will be 
specified in your device manual. 

unsigned char scsimsg 
The SCSI message byte returned from the device at the conclusion 
of the transfer is returned here. This byte is normally zero. If 
it is not, refer to your device manual for a discussion of its 
meaning. 

unsigned char scsibits 
If there is a timeout condition (indicated by the error return 
status in int adaptererr). the SCSI bus status bits are returned 
for examination to determine what is causing the hang-up. Note 
that the oemprint routine prints out the bus status to indicate 
the condition of these bits. They are as follows: 

Bits 7-5 Not Used 
Bit 4 - SCSI Request 
Bit 3 - SCSI Command/Data 
Bit 2 - SCSI I/O 
Bit 1 - SCSI Message 
Bit 0 - SCSI Busy 
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unsigned char scsiaddress 
This the device·s SCSI address. Valid values are 0-7. Check the 
configuration of your· device and your device manual to determine 
how to set and determine this address. 

unsigned char scsi parity 
Should parity be checked OD the SCSI bus? This is a function of 
your device and the specific TMC product that is being used. Do 
Dot specify. parity checking for I device or adapter that does not 
support parity as each transfer will return an error condition. 
The summary of adapters in section 1 tells which support parity. 
Set:tbis-*O-"for DO parity eliecking and !-O for parity checking. 

int adaptererr 
Error status relateel to the transCer is returned. If there is no 
error. a 0 is returned. Valid error values are as Collows: 

~I -Timeout waiting for initial bus free phase 
-2 Timeout during Selection phase 
-3 Timeout during Command phase 
-4 Timeout during Data phase 
-5 Timeout during Status phase 
-6 Timeout during. Message phase 
-7 Parity error detected during transfer 

-16 Error locating TMC host adapter 
+1 Buffer overflow. actuallen > expectlen 
+2 Buffer underflow. actuallen < expectlen 

In order to execute a SCSI command. fill in the command bytes, 
set the pointers to the command. array and the buffer, set the 
expected length. set the blocking factor terms. set the 
scsiaddress character' to' . t he address of" your device. set the 
scsiparity character, and execute the command. An example of the 
operation is included in the OEM Developers Toolkit. This kit 
may be purchased from Future Domain. 
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8.0 -Direct Interface. 

You may write software to directly· access tbe control registers 
and, ports of the --TMCp900.·, These - ports· and . registers are 
described in section four of.this .manual. 

The SCSI data port appears as a range of addresses. It can be 
read or written to using the- RE~ JdOVSB" instructi~R., 

Using single byte memory- re-ference inst-ructions to access control 
ports. 
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9.0 ~ystem Interfacing 

9.1 80286/386 Interface Example 

Chips:~&:" ;'Technology "offer-' chipsets" ror" botit- 80286 and 80386 
designs. These chipsets "-aflow-'the' designer" to implement a" PC AT 
compatible system using Ii; mliitinum or discrete' components:' For 
I/O, the system architect 'was force-d'to :use::expensive "~bus' cards""; 
tha t of fer limi ted " performance.' , -

Today, the 'TMC-900 SCSI LSI can provide either a one. two or 
three chip I/O" solution to' "h'e system designer~ With the TMC-
900, up to six" fixed ~ disks~ 'one "tap'e :··drive.~ or' an optical disk 
drive can be attached to the system. The TMC-900 offers up to 
three times -the 'p~rforma.nce of bus based' fix-ed "disk controllers. 

This appJica tion"" Dote' show$ how" to "interface the TMC-900 to a 
Chips &. Technology based desi"gn.'· It also discusses the design 
tradeoffs of the various design approaches. 
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Single Chip SCSI Solution 

/---------\ 

80286 
or 

80386 
\---------/ 

/---------\ 
82C301 
82A306 
Control 

\---------/ 

I 

D.A 

______ 2 

/---------\ 
82A303 
82A304 

------ Address' 
'Buffers , .. -.~..,;.;",. ...... -/ 

I;"~-::-~-:~--." 
------ 82A30S '. ; 

(x2) 
~ , Data' 

Buffers 
\---------/ 

Figure 1 
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XA 
I 
/24 

XD 
I 
/ 8 

/---------\ 
TMC-900 -----

----- SCSI DATA 
20 LSI 

----- Interface -----
8 . \---------/CONTROL 

I 

/---------\ 
----- 82C206 

\---------/ 

/---------\ 
----- Keyboard 

CNTLR 
8042 

\---------/ 

Figure one shows a single chip solution to a system motherboard 
design. The THC-900 chip is attached directly to the XA and XD 
bus of the machine. Additional control line are directly 
connected. XMEMR, XMEMW are connected from the 82C301 (or 201) 
to the TMC-900. No glue chips are required. 

In order to use the THC-900 in this configuration, two rules must 
be followed. First, bus loading on the XD bus must not exceed 
4ma. This is generally not a problem, as long as CMOS 
peripherals are used on this bU's. If more than 4ma drive is 
required, an external 74LS245 buffer is required. The THe-900 
has the proper buffer control logic built right in. Figure 2 
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shows that type of connection. 

D' A 
/---------\ 

I 
82A303 . 

; 82AJ04 
------ Address 

Buffers 
\-~-------/ 

- --. ------ 82A30S 
/---------\ (x2) 
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\-------;-~/ 
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82C301 
82A306 
Control 

\---------/ 

I 

----- Data 
----- _I Buffers 

\---..;.~----/ 

Figure 2 
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XA 
I 
/24 

XD 
I 
/ 8 

. /---------\ 
20 THe-900 -----

-------- SCSI DATA 
/---\ LSI 

2 Interface ----­
. 8 4 \---------/CONTRO 

\-~-/ I-SELECT 
\------/ 

/---------\ 
----- 82C206 

\---------/ 

/---------\ 
----- Keyboard 

CNTLR 
8042 

\-----~---/ 

Second, the ROM BIOS must support the THC-900. Future Domain has 
licensed a number of BIOS manufacturers to include TMC-900 
support. If you have your own BIOS, you may license the proper 
modules from Future Domain, or write your own. 
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If you desire to continue to use your existing BIOS, or wish to 
have the flexibility of a separate SCSI BIOS, the TMC-900 support 
~irect connection of an eight bit BIOS chip. This chip is 
lvailable from Future Domain·... Figure 3 shows the configuration 
required if you desire to use·a independent ROM BIOS. 

D A 

/---------\ 

80286 ----- _2 

or 
80386 

\:-._-------/ 

/---------\ 
82C301 
82A306 
Control 

\---------/ 

I 
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\---------/ 

Figure 3 

TMC-900 Design Manual 

I 
/24 

"XD' 
I 
1:~8_ 

20 

8 

8 

/ ~---.;.----..:..\ 
THC-900 -----

SCSI DATA 
, . LSI 

Interface ----­
\---------/CONTROL 

I-ROM 
/---------\ 

SCSI 
BIOS 

ROM 

\---------/ 
, /---------\ 

----- 82C206 

\---------/ 

/---------\ 
----- Keyboard 

CNTLR 
8042 

\---------/ 

Page 33 



Future Domain Corporation Copyright 1987 

9.2 Host Bus Adapter 

The following two pages show how to build a simple host bus· 
adapter using the TMC-900. You may purchase artwork from Future 
Domain for a host adapter like this one. 
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10.0 Appendix 

10.1 LSI Block DI •• r ... · 

OWS. IOCHRDY 
SCSI Buffer Control RE~. A.CK" 

(OWS & IOCHROY -
generat10n w1t" t1meout) 

I 
. SCSI OutPut Laten -scsrO!l! !us 

PC Address Bus 
~ and 

PC AGares5 DeCOde ,..-- Or1vers 

J 
1 

Parameter Ram 
SCSI Input Buffers ~ 

(128 I 8) r-- -

I I I 
I 

SCSI-P-aMty Generat10n -_ and cneck In; 

Control and Status 
Reg1ster5 

L SCSI ArDltratlon LogIc 
eSy. SEL 

PC Oata Bus 

PC Host Adapter Block Diaaram 
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10.2 SCSI Header PID AssilDments 

Pin Signal Pin signal 
------ ------

1 GND 2 seo-
3 - ~:GND- 4 SC1-
5 GND 6 SC2-
7 GND 8 SC3-
9 GND 10 SC4-

11 GND 12 SCs-
13 GND 14 SC6-
15 GND 16 SC7-
17 GND 18 SPAR-
19 GND 20 GND 
21 GND 22 GND 
23 GND 24 GND 
25 GND 26 not used 
27 GND 28, GND 
29 GND 30 GND 
31 GND 32 SATN-
33 GND 34 GND 
35 GND 36 SBSY-
37 GOO 38 SACK-
39 GND 40 SRST-
41 GND 42 SMSG~ 

43 GND 44 SSEL-
45 GND 46 SCD-
47 GND 48 SREQ-
49 GND 50 SIO-
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